Aims: To examine the predictive value of early developmental testing for identifying neuromotor and perceptual-motor impairment at school age in children with neonatal encephalopathy (NE). Methods: Eighty full term infants with NE were followed longitudinally. Where possible, children were tested on the Griffiths scales at 1 and 2 years and at 5-6 years, on the Touwen Examination, Movement ABC, and WPPSI. The relation between the Griffiths scores and later outcome measures was examined using correlation coefficients and sensitivity and specificity values. Results: By 2 years, 25 children with cerebral palsy were too severely impaired to be formally assessed and remained so at 5-6 years. Abnormal Griffiths scores were obtained by 12% and 7% of the children at 1 and 2 years respectively. At 5-6 years, 33% had poor Movement ABC scores and 15% poor WPPSI scores. The highest correlation between Griffiths scores and the outcome measures was for the Movement ABC (0.72), although this accounted for only 50% of the variance. Sensitivity scores for the Movement ABC were below 70% but specificity was 100%. Conclusions: A poor score on the Griffiths scales at 1 and/or 2 years is a good predictor of impairment at school age. However, a normal score in the early years cannot preclude later neurological, perceptualmotor, or cognitive abnormalities.
D
evelopmental tests have been used since the 1930s [1] [2] [3] [4] [5] and continue to be recognised as valuable tools for assessing the development of infants and young children. 6 Such tests have been employed with various ''at risk'' groups, to identify and describe current problems and to predict later developmental status. For many years now, however, their predictive value has been seriously questioned. [6] [7] [8] Longitudinal studies which have examined the relation between performance on infant developmental tests, such as the Griffiths and Bayley scales and later outcome have mainly concentrated on cognitive outcome. [9] [10] [11] [12] [13] In non-risk populations, such studies report only modest correlations, especially from any assessment made prior to the age of 2 years. 14 15 In contrast, studies of cohorts likely to contain severely impaired children, such as very preterm infants, report better prediction of future test performance even when the tests were performed under the age of 2 years. 7 16-18 However, this may be due to the fact that correlations between early and later assessments are sometimes inflated by scores assigned to very impaired children who may be almost untestable. Whereas the predictive value of development tests for cognitive development has received a great deal of attention, the power of the same tests for predicting perceptual-motor outcome remains relatively unexplored. This is surprising given the number of recent studies documenting the serious educational, psychological, and social effects of such impairment. [19] [20] [21] [22] [23] [24] One group considered to be ''at risk'' for later neurodevelopmental problems are infants presenting with neonatal encephalopathy (NE). This group includes infants who in the past were labelled as having hypoxic ischaemic encephalopathy as well as those presenting with neonatal convulsions. In all clinical settings, such children are followed up for a short period of time in order to chart progress and identify problems. In many cases, those with normal results on neurodevelopmental tests at 1 year or 18 months would then be discharged. By following up these children until school age, however, we have recently found that a proportion, while not developing cerebral palsy, still present with minor neurological and/or perceptual-motor problems. 25 The primary aim of the present study was to examine the predictive value of developmental testing performed at 1 and 2 years of age for identifying perceptual-motor impairment at school age in children born at term with NE. In order that we could compare our results with those of other studies focusing on this particular group of children, cognitive development was also assessed. The instrument used in the early years was the Griffiths Scales of Mental Development. 26 Since this test yields standardised scores on a series of five subsections as well as a total score, we took the opportunity to examine the relation between these and later performance as well as for the test as a whole. At school age, children were assessed on the Movement ABC and the WPPSI. A particular strength of the study was that the school age assessments were carried out by an assessor blind to the results of all earlier testing.
METHOD Participants
Ethical permission for this study was obtained from the Hammersmith Hospital Research Ethics Committee. The children described in this paper are part of a large prospective cohort of term infants born at or referred to the Hammersmith Hospital, London. The diagnosis of neonatal encephalopathy was made in infants who had convulsions and/or showed other abnormal neurological signs during the first 48 hours after delivery. Neurological abnormalities included abnormal tone, poor feeding, and altered level of consciousness. Infants who subsequently had been diagnosed as suffering from genetic or metabolic syndromes or who presented with other neonatal complications, such as septicaemia or neonatal meningitis, were excluded from the study. In addition, infants with dysmorphic features or other clinical or brain magnetic resonance imaging findings suggesting major congenital malformation were excluded.
Infants were included in the study if they met the following criteria: (1) attended a follow up assessment at 1 and/or 2 years of age (¡3 months); and (2) attended a further assessment between the age of 5 years 6 months and 6 years 6 months.
Developmental assessment at 1 and 2 years We used the Griffiths Mental Development Scales 26 for children aged 0-2 years. This contains five separate scales: locomotor, personal-social, hearing and speech, eye and hand coordination, and performance. The total developmental quotient (DQ) and sub-quotients were calculated as described in the manual. The DQ has a mean of 100 and a standard deviation of 13. All children were assessed by paediatricians experienced in neurodevelopmental examination and who had completed an accredited training course on the Griffiths scales. For the purposes of this study, we defined a ''normal'' DQ as >87.
Follow up assessment at 5-6 years The children were reassessed between the age of 5K and 6K years. Their neurological status, motor competence, and cognitive ability were assessed as described below.
Neurological examination
A structured neurological examination was performed using a modified form of Touwen's Examination of the Child with Minor Neurological Dysfunction. 27 28 This was used to identify the type and extent of motor impairment or any other neurological dysfunction. Cerebral palsy, when present, was classified according to the criteria described by Hagberg.
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Motor competence
The Movement Assessment Battery for Children (Movement ABC) 30 was administered by a psychologist unaware of the results of the earlier assessments from the Griffiths scales and was used to assess the children's performance on a range of functional tasks. The three manual dexterity items, two ball skill items, and three balance items from Age Band One of the test were administered. Total scores were obtained and expressed as centiles based on information from the test manual. Scores between the 5th and 15th centile points were considered borderline, while those falling at or below the 5th centile were considered to be indicative of a definite motor problem. Reliability and validity information is presented both in the test manual and more recently by Croce and colleagues. 31 
Cognitive ability
The Wechsler Pre-school and Primary Scale of IntelligenceRevised (WPPSI) 32 was administered by the same psychologist and used to obtain separate measures of verbal and performance IQ as well as a full scale intelligent quotient. The five ''verbal'' and five ''performance'' items were administered and scored according to the manual. The quotients have a mean of 100 and a standard deviation of 15. In this study, we defined a ''normal'' IQ as equal to or greater than 85.
Analyses
A range of statistical and descriptive analyses were carried out. Pearson correlation coefficients were calculated to estimate the relation between the early Griffiths scores and the Movement ABC and WPPSI scores at school age. Secondly, sensitivity and specificity values were calculated for the Griffiths scores and perceptual-motor and cognitive outcome. Positive predictive values and negative predictive values were also calculated. Finally, we examined the Griffiths scores and school age data for each child individually.
RESULTS
Of the 123 children with neonatal encephalopathy born at or referred to our hospital between May 1991 and September 1996, 16 died in the neonatal period or in early infancy. Ten were excluded from the study because of congenital malformation or genetic, viral, or metabolic syndromes. Ninety seven children were enrolled for follow up. In 15 of these, the age of evaluation did not meet our criteria. Two other children were lost to follow up. The outcome of the remaining 80 children is reported in this study.
Griffiths Mental Development Scales
Twenty of the 80 children were too severely affected to be formally assessed at either 1 or 2 years of age. Of the remaining 60, 59 children were available for assessment at 1 year. At 2 years 45 children completed the assessment. Five of the 15 not included at 2 years had become untestable because of the severity of their impairments. The remaining 10 had been assessed between 1 and 3 years but did not meet our criterion of being assessed within three months of their second birthday. Table 1 shows the results for the sub-quotients and total development quotients for the 59 and 45 children tested at 1 and 2 years respectively. At both ages the range of scores was wide on all components, extending from a low of 35 on the locomotor scale to a high of 158 on the performance scale. Seven children obtained total DQs more than 1 standard deviation below the mean at 1 year; the remaining 52 (88%) were in the ''normal'' range. At 2 years, only three children ''failed'' the test and the percentage ''passing'' had risen to 93%.
Follow up at 5-6 years
Neurological examination
Thirty two children in the cohort (40%) had cerebral palsy. Twenty of these had severe spastic quadriplegia, three had mild quadriplegia or diplegia, three had athetoid cerebral palsy, five had hemiplegia, and one had ataxic cerebral palsy. Twenty five of the children with cerebral palsy had additional sensory and cognitive impairments and were too severely affected to be fully assessed on our tests. Table 2 presents results of the follow up assessments for the remaining 55 children from our cohort.
Movement ABC
Thirty seven of the 55 children tested (67%) had a total score above the 15th centile and 18 (33%) had scores below. Ten of the 18 children below the 15th centile had scores below the 5th.
WPPSI
Two children did not complete the WPPSI due to noncooperation. Of the remaining 53, 45 (85%) had a full IQ of 85 or above and eight (15%) below.
Movement ABC and WPPSI
Of the 18 children with Movement ABC scores below the 15th centile, nine had IQs above 85 and seven below. The remaining two had incomplete data on the WPPSI.
The relation between Griffiths scores at 1 and 2 years and outcome
Perceptual-motor and neuromotor outcome Figures 1 and 2 show details of the relation between performance on the Griffiths and Movement ABC tests for the 80 children in the study. Of the children who had ''normal'' DQs on the Griffiths scales at either 1 or 2 years, over 70% had ''normal'' scores on the Movement ABC (37/52 at 1 year and 32/42 at 2 years). However, this left a total of 15 children at 1 year and 10 at 2 years, who did not fall into the same category at school age.
In addition to the 20 children who were untestable at any age, six children who developed quadriplegia, diplegia, or athetoid cerebral palsy, obtained a poor score, or none at all on the Griffiths and Movement ABC because they were either completely untestable or testable on only a few of the test items. In contrast, only one of the five children with hemiplegia had an abnormal score on the Griffiths test but all had poor scores on the Movement ABC. Among the 11 children who had low scores on the Movement ABC but did not have cerebral palsy, 20% had abnormal Griffiths scores at 1 year (2/10) and 63% at 2 years (5/8). Figures 3 and 4 show details of the relation between the Griffiths and the WPPSI for individual children. More than 80% of the children who had a normal DQ on the Griffiths scales also had normal scores on the WPPSI (43/52 at 1 year and 38/42 at 2 years). All but one of the children who had low DQs on the Griffiths also had low scores on the WPPSI. Those Figure 1 The relation between performance on the Griffiths at 1 year and later performance on the Movement ABC for individual children.
Cognitive outcome
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children who were untestable on the WPPSI had also been untestable on the Griffiths.
Statistical analysis
The ability of the Griffiths test to predict performance at age 5-6 was investigated using correlation coefficients and sensitivity and specificity values.
Correlation coefficients
Pearson correlation coefficients between scores on the Griffiths scales at 1 and 2 years ranged from 0.18 to 0.45 for the five subscales and 0.44 for DQ. Table 3 shows correlations between the Griffiths, Movement ABC, and WPPSI administered at 5-6 years. This includes not only total DQ scores but also scores derived from the three subscales of the Griffiths, which we considered to be make most demands on the perceptual-motor system, the locomotor, eye-hand coordination, and performance scales. The correlations between the Griffiths scores at year 1 and the Movement ABC were highly significant for all measures but highest for the combined perceptual-motor subscales. In contrast the correlations between the Griffiths and full scale IQ were all negligible. At year 2, the correlations between the Griffiths and the Movement ABC had diminished but remained statistically significant, whereas the correlations between Griffiths and full scale IQ had increased.
Sensitivity and specificity
Scores on the Griffiths and the WPPSI were dichotomised using a cut off point of one standard deviation (SD) below the mean. Scores on the Movement ABC were dichotomised using the 15th centile point. Those children who could not be formally assessed because of the severity of their motor, sensory, and cognitive impairments were assigned to the group performing below the set criteria. Table 4 shows sensitivity and specificity values for the two tests. Sensitivity and specificity levels are generally considered acceptable when over 85%. On the Movement ABC, sensitivity levels were always below 85% at both 1 and 2 years but specificity was 100%. Sensitivity levels for scores on the WPPSI were below 85% at 1 year and above at 2 years, and specificity was well above 85% at both 1 and 2 years.
DISCUSSION
Previous studies on the predictive value of developmental tests have mainly focused on the prediction of intellectual outcome. 9 10 33 34 However, children who fall into ''at risk'' categories in the neonatal period are not only likely to show cognitive delays, but may also develop difficulties in other aspects of their development, including language and movement. [35] [36] [37] [38] Such difficulties are now known to be associated with educational failure and psychosocial problems.
In the present study, our objective was to determine whether the Griffiths Mental Development Scales might be used to predict neuromotor and perceptual-motor performance at school age as well as cognitive ability in a population of children with neonatal encephalopathy. Since developmental tests used at 1 and 2 years of age, such as the Griffiths and Bayley scales, are largely composed of motor and perceptual-motor items, it seemed possible that they might actually be better predictors of perceptual-motor competence at school age than of cognitive ability.
All existing follow up studies of children with NE report a high proportion of children with severe motor impairment. In this cohort 40% (32/80) had cerebral palsy. Twenty of the 80 children (25%) had severe spastic quadriplegia, were untestable at 1 year, and remained so at school age. At 2 years, a further five children with mild quadriplegia or diplegia became untestable and were later unable to complete the Movement ABC. The remaining seven children diagnosed as having cerebral palsy (athetoid, ataxic, or hemiplegic type) managed to perform the tasks contained in the Movement ABC but obtained poor scores. Of most importance, however, was the fact that 11 children (14%) without cerebral palsy obtained scores on the Movement ABC at school age, which placed them below the 15th centile. In five cases, the children's perceptual-motor impairment was an isolated problem; in five, additional cognitive impairment was present; and the remaining child was uncooperative but was noted to have extreme difficulty with some of the WPPSI tasks.
Our results on the cognitive assessment were also consistent with those of other studies. For those children who could be formally assessed on the WPPSI, mean IQ was 101 (SD 14). Eight children (15%) had IQs below 85. Four of these had correspondingly low scores on at least one of the Griffiths subscales by the age of 2 years. Of the remaining four, two spoke English as a second language, which may partly account for their lower than average IQs.
The question of whether the Griffiths scales, administered at 1 or 2 years, might be used to predict performance on the Movement ABC and WPPSI at school age was first addressed by examining correlation coefficients between the early and later tests. Although the year 1 and 2 Griffiths test scores Figure 4 The relation between performance on the Griffiths at 2 years and later performance on the WPPSI for individual children. were only moderately correlated with each other, all of the subscales were more highly correlated with Movement ABC scores than with the WPPSI scores, regardless of their label.
Even though the highest correlation we obtained was highly significant (0.72), this accounts for less than 50% of the variance in the children's scores at school age and is therefore of little practical significance. The correlation between the Griffiths scores and IQ scores was slightly higher at 2 years than at 1 year, but in this case the highest correlation accounted for even less of the variance, only 20%. It has been argued that for clinicians, a more appropriate method of studying prediction is to abandon the use of continuous measures and employ a more simplified category system based on the concept of risk. 6 7 40 Although cut-off points vary from study to study, the most commonly used procedure is to dichotomise the sample using either one standard deviation below the mean as the divisor or a selected centile point at the lower end of the distribution. We did this and calculated sensitivity and specificity values for the Griffiths scales in relation to the Movement ABC and WPPSI.
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For the Movement ABC, sensitivity at both 1 and 2 years was relatively low (64% and 67% respectively) while specificity values were 100% in both cases. This suggests that a normal score on the Griffiths scales at 1 and/or 2 years does not always predict a normal Movement ABC score. In contrast, an abnormal score on the Griffiths is very likely to be associated with poor performance at school age.
In order to determine whether there was anything special about the children with poor school age performance who had normal results on early assessments, we examined the data for each child individually. What emerged here was that nearly all of the children diagnosed as having hemiplegia ''passed'' the Griffiths test. Of the five children who scored poorly on the Movement ABC, only one had a poor score on one of the subscales of the Griffiths scales. In the children without cerebral palsy who had poor scores on the Movement ABC, the Griffiths scores tended to be normal at 1 year (80%) but not at 2 years, when abnormal scores on at least one subscale were found in 63% of the children.
In sum, our results suggest that although early neurodevelopmental assessment can to some extent predict outcome at school age, a normal neurodevelopmental assessment at 1 and 2 years does not exclude cognitive, neurological, or perceptual motor abnormalities at school age. Since the sensitivity values for the Griffiths test were slightly higher at 2 years than at 1, one might be tempted to conclude that a neurodevelopmental examination at 2 years might identify children with abnormal outcome at school age better than the examination performed at 1 year. However, the differences in the sensitivity values were relatively small and we could not exclude the possibility that professional intervention might have influenced outcome. Many children with evidence of abnormal development see physiotherapists, occupational therapists, and/or speech therapists and often receive systematic training in test related activities. Since the children in our study were followed up in various local centres and did not receive a uniform programme of rehabilitation, it was impossible to examine this issue further.
The relatively high incidence of false negatives found in this study raises the question of whether children with normal neurodevelopmental tests at 1 and even 2 years should be discharged, as often happens in order to make the most effective use of limited resources. In our cohort, seven of 37 (19%) children who had normal results on all subscales on the Griffiths had an abnormal motor outcome at school age. Four of these seven however had hemiplegia, which we suggest reveals a weakness in the Griffiths scales. Since the scales do not provide a measure of performance for each side of the body separately or the quality of unimanual performance, any asymmetry remains unrecorded. In these cases, a more detailed assessment of unilateral performance or a neurological examination might have helped to identify asymmetry of hand function and reduce the number of false negatives. The remaining three children, however, were not identifiable at all in the early years. Children with movement difficulties, with or without a clear diagnostic label, may have serious problems at school. This is not only because motor skills are required to access the increasingly practical school curriculum but also because poor motor skills are often associated with poor attention, low self esteem, and anxiety. [41] [42] [43] [44] Our failure to identify such children in infancy means that they miss out on early intervention programmes which may help them to cope better at home and at school. 
